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HIGHLIGHTS
• Forage species can be used to reduce nematode populations in infested fields.
• Bermuda grass cultivars 'Napier Paraiso', 'Flora Kirk', and ' Jiggs' were classified as resistant to Pratylenchus brachyurus.
• "Napier Roxo', 'Napier Anão', 'Napier Paraiso', 'Napier Cameron', 'Coast cross', and 'Hemartria IAPAR 37' were classified as resistant to Meloidogyne javanica.
• 'Napier Roxo', 'Napier Cameron', 'Coast cross', and 'Hemartria IAPAR 37' were classified as resistant to M. paranaensis.
• All genotypes evaluated were classified as resistant to M. incognita.
INTRODUCTION
The increase of food production is a great concern among countries, especially if is required no environmental disturbance and no opening of new areas [1] . A management practice that has been adopted successfully for this purpose is the integrated crop-livestock production systems that, besides the improvements in soil quality, make available high quality forage for grazing animals and increase the yield potential of grains cropped following pastures. These systems, if well planned and well managed, still allow a reduction in the occurrence of weeds, pests and pathogens in the area.
ORIGINAL ARTICLE
Therefore, an additional benefit could be the reduction of the population densities of phytonematodes present in the soil, utilizing resistant species for the pasture. Until late 1990´s, the main species used in the integrated crop-livestock systems were Brachiaria spp. and Panicum spp. [2] , well-known species used to control root-knot nematodes [3, 4, 5] and the reniform nematode, Rotylenchulus reniformis Linford & Oliveira [6] . Recently, other pastures have been planted, as Cynodon spp. and Pennisetum spp. [2] . Unfortunately, information on the host reaction of these species and their cultivars to nematodes are scarce.
In a recent work, the forage species Pennisetum purpurium Schumach ('Pioneiro', 'Napier', and 'Elefante da Flórida') were evaluated, under greenhouse conditions, to their capacity in reducing Meloidogyne incognita (Kofoid & White) Chitwood and M. javanica (Treub) Chitwood populations. After the cultivation of tomato and soybean plants in the plots where these plants were initially cultivated, none of them were efficient to reduce nematode populations [5] . Andropogon gayanus Kunth 'Planaltina' also was considered susceptible to Pratylenchus brachyurus Godfrey Filipjev & Stekhoven in another work [7] . However, information on the reaction of other Cynodon spp. and Pennisetum spp. to nematodes are necessary, in order to provide important subsidies to growers adopting the integrated crop-livestock production system, especially when soybean is the main crop [8] .
The purposes of our study were to access the host status of Cynodon spp. and Pennisetum spp. to P. brachyurus (Pb), M. incognita (Mi), M. javanica (Mj) and M. paranaensis (Mp) Carneiro, Carneiro, Abrantes, Santos & Almeida, under greenhouse conditions. Surely, these information will subsidize future integrated crop-livestock production system schemes.
MATERIAL AND METHODS

Obtaining and identification of nematode populations
Pratylenchus brachyurus population collected in São Luis, MA (Pb) was identified through morphological and morphometrical parameters [9] ; root-knot populations collected in Altônia, PR (Mi), Júlio de Castilhos, RS (Mj), and Apucarana, PR (Mp) were identified and subsequently purified from a single egg mass (isolates). Specific identification was performed by α-esterase phenotypes [10] and morphological approaches [11] . All isolates were routinely multiplied on tomato, Solanum lycopersicum L. cv. Santa Clara (Mi, Mj, Mp) or okra, Abelsmoschus esculentus L. cv. Santa Cruz 47, under greenhouse conditions. After nematode extraction using the NaOCl methods [12] in the case of root-knot nematodes or the blender centrifugal method [13] for P. brachyurus, a suspension containing 1,170 (trial 1 Pb), 920 (trial 5 Pbrep) or 2,000 (trials 2, 3, 4, 6, 7, and 8), juveniles + eggs was poured per pot (IP = initial population) into 2 small 3.5-4.5 cm-deep holes beside the root system. Inoculation was done on 50-days-old seedlings.
Preparation of nematode inoculum, inoculation and phenotypic assessment
Forage grasses tested were: P. purpureum cultivars 'Napier Roxo', 'Napier Pioneiro', 'Napier Anão', 'Napier Paraíso', and 'Napier Cameroon', and Cynodon dactylon (L.) Pers. cultivars 'Jiggs', 'Flora kirk', 'Coast-cross', 'Tifton 68', and hybrids 'Tifton 85' (C. dactylon X C. nlemfuensis Vanderyst cv. Tifton 68) and 'Tifton 44', and Hemarthria altissima (Poir.) Stapf & C.E. Hubbard cultivar 'IAPAR 37 -Preferida'. Tomato and okra were used as susceptible standards for root-knot and P. brachyurus, respectively. Plants from forage grasses were obtained asexually, via stolon (Cynodon spp. and H. altissima) or buds (P. purpureum), planted in 700 cm 3 [12] for root-knot nematodes or Coolen & D'Herde [13] for P. brachyurus. Nematode final population (FP) was estimated by counting eggs plus juveniles and adults from roots. The reproductive factor (RF = FP/IP) values were subsequently determined. Furthermore, data on number of nematodes per gram of roots (Nem/g) were calculated for each replicate.
Experimental design and statistical analysis
The trials were arranged in a completely randomized design, with 13 treatments (12 genotypes + standard) and five replicates. Firstly, data set were analyzed by Shapiro-Wilk normality test and transformed in ln (x+1) [14] prior to one-way analysis of variance (ANOVA). Later, treatments were clustered by Scott-Knott criteria, if the F-test was significant (P=0.05) [15] . Besides, Pearson's correlation among untransformed means of RF and Nem/g was measured.
RESULTS AND DISCUSSION
The susceptible standards supported an adequate increase of nematode population in all experiments, confirming the viability of the inocula used. Results showed in Tables 1 and 2 reveal a variation in the susceptibility of the forage grasses to the nematodes tested. In general, discrepancies between the RF of some forage grasses were noted when data of trials 1 to 4 were compared with the Table 1 
. Reproduction factor (RF) and number of nematodes per gram of roots (Nem/g) of forage grasses genotypes inoculated with Pratylenchus brachyurus (Trial 1), Meloidogyne incognita (Trial 2), M. javanica (Trial 3), and M. paranaensis (Trial 4).
Treatment
Pratylenchus brachyurus
Meloidogyne incognita
Meloidogyne javanica
Meloidogyne paranaensis
RF (1)
Nem/g 
- (2) Tifton 44 (1) Mean values of five replications. Means followed by different letters in the column are statistically different at P = 0.05 according to Scott-Knot's test. (2) Not tested.
F value. (4) DF= degrees freedom.
P value.
repetition of trials (trials 5 to 8), but slight differences are not uncommon when trials are repeated, since experimental conditions are dissimilar. However, these discrepancies did not alter the host reaction of forage grasses, which were considered resistant to nematodes in both trials. For instance, 'Napier Paraíso', 'Flora Kirk', and 'Jiggs' were classified as resistant to Pb, 'Napier Roxo', 'Napier Anão', 'Napier Paraíso', 'Napier Cameron', 'Coast cross', and 'Hemartria IAPAR 37', as resistant to Mj, 'Napier Roxo', 'Napier Cameron', 'Coast cross', and 'Hemartria IAPAR 37', as resistant to Mp, and all genotypes evaluated were classified as resistant to Mi in both trials. Data of Nem/g confirmed the characterization of the genotypes based on RF values, i.e., the genotypes classified as resistant showed the lowest numerical values of Nem/g. As expected, by Pearson's linear correlation (P < 0.01), we observed high congruence between RF and Nem/g values, independently of studied interaction. By this way, the correlation in trials 1 and 5 (Pb) was 90.36% and 95.91%, in trials 2 and 6 (Mi) was 98.99% and 98.72%, in trials 3 and 7 (Mj) was 86.07% and 99.09%, and in trials 4 and 8 (Mp) was 79.86% and 98.78%. As the root volume is an intrinsic character of a genotype in particular, the use of Nem/g dealing with the screening of different genotypes and plant species for resistance to nematodes, alone or combined with RF, is recommended [16] . In a recent work, the forage species P. purpurium ('Pioneiro', 'Napier', and 'Elefante da Flórida') were evaluated, under greenhouse conditions, to their capacity in reduce M. incognita and M. javanica populations. After the cultivation of tomato and soybean plants in the plots where these plants were initially grown, none of them were efficient to reduce nematode populations [5] . On the other hand, Pennisetum purpurium Napier Roxo -
- (2) 0.64 b 67 c 0.15 b 9 c 0.12 c 7 c
Napier Pioneiro -
- (2) 0.15
- (2) - (2) -
Napier Anão -
- (2) 0.20 c 50 c 0.14 b 18 b -
-
Napier Paraíso 0.38 b 25 c 0.21 c 38 c 0.11 c 7 c -
Napier Cameron -
- ( 
Coast cross -
- (2) 0.10 d 29 c -
Tifton 44 -
- (2) 0.10 d 46 c -
- (2) 0.10 c 15 c
Tifton 85 -
- (2) 0.09 d 41 c -
Hemarthria altissima
- (2) (1) Mean values of five replications. Means followed by different letters in the column are statistically different at P = 0.05 according to Scott-Knot's test. (2) Not tested.
F value.
DF= degrees freedom.
in the present work, 'Napier Pioneiro' was classified as resistant to M. incognita and susceptible to M. javanica. This suggests that, although 'Napier Pioneiro' is resistant to M. incognita, as it is not a complete resistance, the few nematode specimens that survived in the soil in experiments conducted by Dias-Arieira et al. [1] were able to parasitize and multiply in tomato and soybean plants, increasing the populations.
In Southern Brazil, the integrated crop-livestock system is based on three basic strategies, one of them is the crop of perennial pastures during some years, intercropping with annual crops [1] . One of the main perennial pastures used is hemartria, due to the high accumulation of dry matter. In this study, 'Hemartria IAPAR 37' was resistant to M. incognita, M. javanica and M. paranaensis, and susceptible only to P. brachyurus, constituting a good option in root-knot infested areas.
For P. brachyurus, the main plant-parasitic nematode in soybean fields, especially in the Brazilian Cerrado region [17] , 'Napier Paraíso', 'Flora kirk' and 'Jiggs' are promising options for planting in infested areas, since in both trials these plants were classified as resistant to this nematode. Indeed, 'Napier Paraíso' was also resistant to Mi and Mj and constitutes a potential species to be cultivated in integrated crop-livestock in infested areas.
CONCLUSION
Our study provides information on the host-suitability of forage grasses genotypes to M. incognita, M. javanica, M. paranaensis, and P. brachyurus. Based on these results, we can conclude there are several forage grasses resistant to root-knot and root-lesion nematodes that can be cultivated in infested areas in order to reduce soil populations of these pathogens, mainly under integrated crop-livestock production systems. However, tests with resistant genotypes under field conditions must be conducted in order to confirm this affirmative.
